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SUMMARY 

The principles of operation of ultrasonic delay-lines are described as 
far as is necessary to enable a realistic performance specification to be 
drawn up for delay-lines suitable for use in high-quality processing equipment 
for television applications. 

Methods of specifying the performance are suggested and indications 
of the limits imposed by present-day technology are given. 



1. INTRODUCTION 

Ultrasonic delay-lines* have been developed 
over the past 25 years to provide the wide-band- 
width delays of up to several milliseconds required 
primarily for data processing and radar applications. 
Ultrasonic delay-lines are now finding applications 
in television for vertical aperture correction , inter- 
polation between information in adjacent lines in 
line-store standards conversion^, field-store stan- 
dards conversion"^, and field-storage for telerecord- 
Ing displays. 

In television applications, the delay-line per- 
formance must meet an exacting specification; the 
delay time must be accurate, the bandwidth must 
exceed that of the television system and spurious 
effects must be imperceptible on the final picture. 
It is therefore essential to specify precisely the 
delay-line performance when ordering and to test 
the line thoroughly when it is received. 

Ultrasonic delay-lines have been fully described 
elsewhere^, but the basic principles of operation 
and the factors limiting performance will be out- 
lined below to assist in understanding and relating 
the parameters used in the specification. 

The procedures for testing ultrasonic delay- 
lines will be fully described in another report. 



* The term ultrasonic is used since acoustic waves 
propagate through the delay and the frequency of opera- 
tion is usually high. The need for a high frequency 
necessitates the use of a modulated carrier for the trans- 
mission of television signals. 



2. DESCRIPTION AND PRINCIPLE OF OPERA- 
TION OF ULTRASONIC DELAY-LINES 

The velocity of propagation of sound in solids 
and liquids is of the order of 10"* to, 10*^ times the 
velocity of propagation of electromagnetic waves 
in free space. In addition, certain solids and 
liquids exhibit fairly low absorption of acoustic or 
ultrasonic energy, and therefore make suitable trans- 
mission media for delay devices. 
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Fig. 1 - Continuously variable mercury ultrasonic 
delay-line 



The use of liquids is mainly restricted to vari- 
able delay-lines; one arrangement is shown in 
Fig. 1 In which a corner reflector is moved up or 
down a tank filled with mercury in order to vary 
the transmission path length. Mercury is the most 
suitable liquid as it offers a fairly low attenuation 
of acoustic waves combined with a high density 
which provides relatively close coupling to the 
transducers. Mercury delay-lines of this form have 
been described in other reports^-'^ and no further 
mention will be made here. The specification and 
testing of these lines is similar to the procedure 
used for solid delay-lines. 



Solid delay-lines are more durable and con- 
venient than mercury lines and are always used 
when a fixed delay is required. The material used 
is usually natural or synthetic fused quartz although 
glass is frequently used for short delays where its 
higher absorption can be tolerated. In order to 
obtain a long transmission path in a small volume, 
a polygonal construction is often adopted in which 
the acoustic wave is internally reflected at the 
facets of a polygon; see Figs. 2(a) and 2(b). These 
polygons are usually cut from quartz blanks a few 
millimetres thick. 




Fig. 2 - Polygonal quartz ultrasonic delay-lines 

(a) Short path (6 facets, 4 traverses) 

(b) Long path (15 facets, 31 traverses) 



The acoustic wave is launched into the quartz 
by means of a transducer using the piezoelectric 
principle. Quartz crystal transducers are normally 
used, but other materials such as barium titanate 
and cadmium sulphide can also be used. The trans- 
ducer usually combines mechanical and electrical 
resonances which give the delay-line a band-pass 
characteristic which is less than one octave. 

Solids will support both of the major modes of 
propagation of ultrasonic waves; the longitudinal, 
or compressional mode, in which the particle motion 
is in the same direction as the wave motion; and 
the shear mode, in which the particle motion is 
perpendicular to the direction of travel of the wave. 



Quartz transducers can be cut from a crystal 
to generate both modes of propagation; an X-cut 
crystal generates a compressional wave whereas 
either Y-cut or AC-cut crystals will generate shear 
waves. 

Shear mode propagation is chosen since the 
velocity is slower, approximately 3-76 mm//xs, 
(0-1482 inches/fiS) and the waves can be polar- 
ized. Y-cut transducers are normally preferred 
since the capacitance per unit area is lower and 
the electromechanical coupling between the trans- 
ducer and the quartz block is higher. 



3. FACTORS LIMITING THE PERFORMANCE OF 
PRACTICAL DELAY-LINES 

The ideal delay-line would have no effect upon 
an applied signal other than to introduce a precise 
delay. Practical ultrasonic delay-lines produce 
spurious signals having delays that differ from the 
wanted delay; they have a restricted pass-band 
and introduce considerable attenuation and some 
dispersion or group delay distortion. They are 
also sensitive to temperature and have reactive 
terminations. The specifying of delays is aimed at 
controlling these disadvantageous characteristics. 

The causes of the above shortcomings will be 
discussed individually in the sub-sections below. 



3.1. Causes of Spurious Signals 

Spurious signals are caused by signals reach- 
ing the output transducer either earlier or later than 
the main signal. The main causes of spurious sig- 
nals are conversion of the mode of propagation from 
the lov/-velocity shear-mode to a mode having a 
high velocity, unwanted secondary paths between 
input and output transducers and reflections due to 
the mismatch between the transducers and the delay 
medium. In addition, direct coupling between input 
and output circuits can cause a spurious signal 
with zero delay. 

Shear-mode propagation permits mode con- 
version to be controlled by choosing the best plane 
of polarization. The polarization is perpendicular 
to the parallel surfaces of the quartz block and in 
this way conversion from shear to longitudinal 
mode of propagation is minimized during reflection 
at the polygon facets. Reflections from the parallel 
surfaces of the block are normally at angles greater 
than the critical angle, approx. 40°, and again mode 
conversion is inhibited. If mode conversion does 
occur, the higher velocity of the longitudinal waves 
will cause spurious signals to appear at the output 
of the line before the main signal. 



Delay-line transducers usually have a large 
aperture, approximately 100 wavelengths wide, in 
order to provide the directivity essential for the 
use of long, folded-ray paths. The main lobe of the 
radiation pattern should illuminate as much as 
possible of eachfacet so asto minimize theaperture 
effects which give rise to side lobes. Some of the 
energy from these side lobes, together with some of 
the energy from the side lobes of the input trans- 
ducer, may ultimately reach the receiving trans- 
ducer by multiple reflections from the facets and 
hence cause further spurious signals. This form 
of spurious signal can be reduced by making the 
lengths of the facets, and hence their apertures, as 
large as possible to minimize diffraction at the 
edges of these apertures. In addition, the parts of 
the facets not required for reflection of the main 
lobe of the acoustic ray can be coated with absorb- 
ent material thereby reducing the probability of 
reflecting spurious signals. This coating process, 
usually described as 'masl<ing', is thus a compromise 
between the need to maintain a large aperture on 
the one hand and minimum reflecting area on the 
other. The polygon of Fig. 2(b) is a maximum aper- 
ture design and is known as a 15/31 pattern; the 
block has 15 sides and the ray traverses the block 
31 times. 




1 2 34568 10 2 34568 10^ 

frequency, MHz 

Fig. 3 - Typical attenuation/frequency characteris' 
tic for fused quartz 



It is not possible to match exactly the acoustic 
impedance of the transducer to that of the delay 
medium and thus ultrasonic waves striking a trans- 
ducer will be partially reflected back along the 
path of arrival. Thus a signal reflected from the 
output transducer will be sent back to the input 
transducer where it is reflected again and will 
finally appear as an output signal having three 
times the delay of the main signal. These signals 
with three times the correct delay are known as 
'third time round* or 'triple-travel' signals. 

Third time round signals can be reduced by 
backing the transducer with material that absorbs 
ultrasonic waves; the damping so produced also 
increases the transducer pass-band. A correct 
choice of material to bond the transducers to the 
delay medium will also help to reduce reflections. 
Typical bonding and backing materials are indium, 
lead, solder and some epoxy resins. Careful choice 
of bond and backing thicknesses and homogeneity 
of bonds can produce small third time round sig- 
nals and wide pass-bands. 

3.2. Factors Affecting the Response/ Frequency 
Characteristic 

The overall response/ frequency characteristic 
of a delay-line is made up of the transducer charac- 
teristics and the change of attenuation with fre- 
quency in the delay medium. In short delay-lines 
the effect of the latter is negligible but in long 
lines it becomes important. Losses in the delay 
medium increase with frequency and Fig. 3 shows 
a typical attenuation/frequency characteristic for 
fused quartz. 
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riXi ^X External resistor and inductor 

Cj Electrical capacitance of transducer 

Lj^ Equivalent series mechanical inertia of 

transducer 
C)^ Equivalent series mechanical compliance 

of transducer 
iXQ Radiation resistance of quartz 

The transducer response is a function of several 
parameters including the crystal, bond, backing and 
the external electrical circuit. The simplest equiva- 
lent circuit of a transducer is a pair of coupled 
tuned circuits as shown in Fig. 4. A parallel- 



tuned circuit represents the circuit formed by the 
electrical capacitance of the transducer and the 
external inductance. This circuit is coupled to the 
quartz by a series-tuned circuit that represents the 
mechanical compliance and mass of the transducer. 

The transducer pass-band will be a fractiori 
of the centre frequency and a wide bandwidth will 
only be obtained with a high centre frequency. 
However, the quartz losses increase with frequency 
and a compromise centre frequency fo, must usually 
be chosen. A well-designed transducer can give 
a fractional bandwidth of 0-6 fo thus permitting the 
delay-line as a whole to have a fractional band- 
width of about 0-4 fo- 

The response of a typical Y-cut quartz trans- 
ducer with and without lead backing is shown in 
Fig. 5(a) and the insertion loss/ frequency charac- 



teristic of a typical 2-5 ms quartz delay is shown 
in Fig. 6. 

3,3. Causes of Attenuation 

The total insertion loss for a delay-line is 
a sum of the losses due to the transducers, the 
spreading of the beam during transmission, and the 
energy loss incurred during propagation through the 
quartz. An unbacked pair of transducers account 
for a loss of 24 dB and backing will increase this 
by a further 12 dB. Loss due to beam spreading 
arises if the received beam exceeds the area of the 
receiving transducer and is therefore a function of 
the transducer apertures and path length. For a 
long delay, beam-spreading losses can be 5 to 
10 dB. The loss in the quartz is, as mentioned 
earlier, a function of operating frequency and path 
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h'lg. 5 - Characteristics of single Y-cut quartz transducer bonded to fused quartz 
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¥ig. 6 - Typical response/ frequency characteristic of a 2-5 ms quartz delay-line at 75° C 
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length; for a 2.5 ms delay-line operating at 30 MHz 
the loss of energy during propagation can be of the 
order of 10 dB at an operating temperature of 20^. 

If the delay-line is operated at a high temp- 
erature, say 75^., the insertion loss will be re- 
duced; it is, however, only the quartz absorption 
loss that varies significantly with temperature, a 
typical temperature coefficient being 0-1 dB/^./ms 
at 30 MHz. 

3.4. Factors Affecting Delay and Dispersion or 
Group Delay Distortion* 

The delay provided by a fused quartz block is 
principally determined by the length of the propaga- 
tion path between the input and output transducers. 



Most circuit engineers are familiar with the term 'group 
delay distortion* whereas the term 'dispersion' is less 
well known, although firmly established in scientific 
fields concerned with propagation phenomena. In this 
report, both terms describe the variation of delay with 
frequency and either is used according to the aspect 
under discussion. 



Once the block is ground to the correct shape and 
size the basic delay cannot be changed. However, 
the velocity of shear-mode waves in quartz increases 
with temperature; the temperature coefficient of 
delay is thus negative, being about 75 parts per 
million per °C Thus a 1 millisecond delay will 
change delay at the rate of 75 nanoseconds per °C. 
and if the delay must be accurate to better than 
± 10 nanoseconds the temperature of the delay-line 
must be controlled to about iO-l'X;. Quartz delays 
are usually operated in temperature controlled 
ovens at a temperature well above the highest 
possible ambient temperature; the increased opera- 
ting temperature also reduces the loss of energy in 
the quartz and adjustment of temperature may be 
used to 'trim' the delay. 

Most delay-lines exhibit group delay distortion 
or dispersion, the transducers and the delay medium 
contributing to the total. The form of group delay 
distortion due to the transducers can be anticipated 
from the transducer equivalent circuit, and typical 
transducer group delay characteristics are shown 
in Fig. 5(b). 



Delay-dependent dispersion which occurs 
during transmission through the delay medium can 
best be illustrated by considering the transducer 
as a radiating strip, narrow in the direction perpen- 
dicular to the parallel surfaces of the quartz block. 
These parallel top and bottom surfaces can be 
regarded as mirrors and thus, from the viewpoint 
of the input transducer, the output transducer will 
appear as a vertical 'stack* of many transducers, 
all but the central image being the result of reflec- 
tions from one or both of the 'mirrors.' Most of the 
energy travels from input to output by means of 
reflections and the greatest contribution to the out- 
put energy is from the near-central images. The 
path length through the quartz, from the input trans- 
ducer to each image of the output transducer, will 
differ, the shortest path being to the central trans- 
ducer and the longest paths to the outer trans- 
ducers. 

The number of output transducer 'images* 
which receive appreciable energy from the input 
transducer will depend upon the 'beam widths* in 
the vertical plane of the input and output trans- 
ducers. Because the beam width of a transducer 
narrows as the applied frequency increases, the 
outer transducer images will be less effective at 
high frequencies than at low frequencies. Thus the 
mean delay between input and output transducers 
will be less at higher frequencies since only the 
more central, (shorter path), images will be effec- 
tive. 
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Fig. 7 - Fractional dispersion/frequency character' 
istic for fused quartz delay'line 10 mm thick 



If a thicker block of quartz is used the separa- 
tion between the 'mirrors', and hence the separa- 
tion between the images, will be increased. The 
thicker block also allows the vertical dimension 
of the transducer to be increased resulting in a 
narrower beam width. Thus the dispersion can be 
very greatly reduced by increasing the thickness of 
the quartz block from which the line is cut. Fig. 7 
shows the fractional dispersion/frequency charac- 
teristic, resulting from the above effects, for a 
block 10 mm thick. Fractional dispersion is plotted 
for convenience and is the difference between 
measured and nominal delay divided by nominal 
delay. 

The phase of the signal arriving at each 'image' 
of the output transducer will depend upon the num- 
ber of wavelengths and fractions of a wavelength 
in each particular path. Signals received at any 
transducer image may thus have any phase angle 
with respect to the main bulk of the received signal 
and may augment or deplete the total signal. This 
effect will also be a function of frequency and will 
thus cause small 'ripples' in the response/frequency 
characteristic. 

4. THE SPECIFICATION OF ULTRASONIC DE- 
LAY-LINES 

The specification of an ultrasonic delay-line 
can be conveniently divided into two parts. One 
part describes the desired performance of the line 
as a means for delaying, say, television signals, 
whilst the second part specifies the operating 
conditions of the line itself. The limitations of 
performance described in the previous section will 
form the basis of the first part of the specification 
whilst the second part will deal with such matters 
as operating temperature, carrier frequency, and 
transducer impedances. The user will of course 
specify the performance, but operating conditions 
are usually decided by consultation between user 
and manufacturer. 

The parameters to be specified and a suggested 
form of specification for each parameter are given 
in the sub-sections below. 

4.1. Specification of Delay-Line Performance 

(Appendix 1 is a copy of a del ay-line specifica- 
tion written for the delays used in a field-store 
standards converter). 

The main parameters that must be specified 
to ensure that the line will do the intended job are 
(1) Spurious Signal Level, (2) Response/ Frequency 
Characteristic, (3) Insertion Loss, (4) Delay, 
(5) Group Delay Distortion. 

As the external circuits connected to the line 
will influence its performance it is essential that 



standard conditions of test be specified. For sim- 
plicity and repeatability of measurement It is usual 
to specify tuning of the electrical capacitance of 
the transducers with an external parallel inductor 
adjusted to give peak response at the centre of the 
specified pass-band. A resistance of about 75fi is 
usually employed to damp the resonance. 

4.1.1. Spurious Signal Levels 

The tolerable level of spurious signals from 
all causes will depend on the form of the wanted 
signal that is being transmitted through the delay- 
line. If the wanted signal is digital in form and 
can be detected by level comparators, then the 
spurious signal level can be as much as 10% of the 
main signal. For analogue signals, however, the 
spurious signal level must be much less and for 
television purposes spurious signals must be less 
than 1% of the main signal if image quality is not 
to be impaired. 

The maximum level of spurious signals that 
can be tolerated is usually specified relative to the 
level of main signals. This ratio is usually ex- 
pressed in decibels and the restriction on spurious 
signal levels should apply to all frequencies in the 
pass-band. For television a ratio of -43 dB is the 
maximum acceptable level for each individual 
spurious sinewave response. 

4.1.2. Response/ Frequency Characteristic 

The response/ frequency characteristic of a 
delay-line must handle the information to be de- 
layed without restriction. Since the information 
will generally be in the form of modulation applied 
to a carrier wave the line must pass the sidebands 
associated with the modulated carrier. (Vestigial- 
sideband operation is often used to reduce the band- 
width required of the delay-line.) 

The response of an ultrasonic delay-line will 
not change rapidly with frequency and it is practical 
to use orthodox equalization techniques to obtain 
a relatively flat pass-band, the amount of equaliza- 
tion being limited in practice by noise in the ampli- 
fier following the line. 

The pass-band required of a delay-line can be 
most simply defined as the bandwidth between 
points where the insertion loss exceeds the mini- 
mum figure by x dB, where *x' is the maximum 
response variation that can be corrected by equal- 
ization. When many lines are to be cascaded the 
amount of equalization is limited by the cumulative 
error that can be tolerated in the whole assembly 
as well as by noise, and an acceptable variation of 
attenuation over the pass-band for any one line 
would be no more than 3 dB. 



So far the actual frequencies of the carrier 
and its sidebands have not been quoted. This is 
deliberate as the choice of carrier frequency IS a 
degree of freedom that should be left to the designer 
of the line. To ensure that a group of cascaded 
lines can be constructed without loss of perform- 
ance, the individual pass-band of each line may be 
defined as (fo ± y) MHz where fa is the common 
centre frequency for the whole group of delay-lines. 
The permitted increase of insertion loss in the pass- 
band of each individual line would then be defined 
as X dB with respect to the loss at the frequency 
of maximum response, f^. Due to asymmetry in 
the response/ frequency characteristic, particularly 
evident with long lines, fo and f^ might not be the 
same frequency, f)^ varying from line to line but 
/o being common to all lines. 

To ensure simple equalization of the line it is 
advantageous to specify the maximum rate of change 
of response with frequency as, say, <z dB between 
f and f ±2 MHz when these frequencies are within 
the pass-band. 

As explained in Section 3 multipath effects 
may cause ripples in the pass-band but these effects 
are best dealt with by proper specification of 
spurious signal level and dispersion. 

Since the external circuits connected to a line 
will influence the response/frequency characteristic 
to an appreciable extent the external circuit para- 
meters to be used when testing must be specified. 
The usual practice is to specify that the electrical 
capacitances of the transducers are resonated at 
band-centre frequency with an external shunt in- 
ductance and that the circuit is damped with a 
resistor to reduce the Q to a low value, say 2. A 
typical resistor value is 751}. 

4.1.3. Insertion Loss 

A limit is usually placed on insertion loss, 
and this limit is determined by consideration of the 
required signal-to-noise ratio. The ultimate signal- 
to-noise ratio will depend upon the signal level that 
can be applied to the input of the delay-line, the 
insertion loss of the line and the noise factor of 
the output amplifier. 

From the previous section it will be apprecia- 
ted that a high-quality, long delay-line cannot have 
an insertion loss of much less than 40 dB and it 
may be as great as 60 dB. Higher insertion losses 
than 60 dB will almost certainly impair the signal- 
to-noise ratio of a television signal if several lines 
are connected in series. 

4.1.4. Absolute Delay and Delay Tolerance 

The range of delays available from fused 
quartz lines extends from about 2 (zs to 4 or 5 ms. 



The precision witii wliich the delay must be con- 
trolled depends upon the application. 

For precise delays, accurate to 1 part in 10^ 
it is necessary to operate the line in an oven whose 
temperature is controlled to within 0.1^. The 
exact value of required delay may be established by 
adjustment of the oven temperature although the 
departure from the nominal operating temperature 
ought not to exceed S'^i. or other characteristics 
of the line may be adversely affected. This implies 
that a high-precision delay-line, having a temp- 
erature coefficient of 75 parts per million, must be 
manufactured to a precision of at least + 375 parts 
per million or about ±4 parts in 10* (i.e. ±400 ns 
in 1 ms). 

The cost of a delay-line will be increased if a 
tight tolerance is placed on delay. Therefore the 
cheapest line will result if the delay tolerance is 
made as great as the application allows. 

4.1.5. Group Delay Distortion 

As stated earlier, group delay distortion or 
dispersion arises both in the transducers and in 
the delay medium (Figs. 5 and 7). Since the trans- 
ducer performance is, to a first order, independent 
of the length of delay-line whilst propagation effects 
are proportional to delay it is advantageous to 
specify group delay distortion as the sum of a 
fixed amount plus a delay-dependent amount when a 
range of delays are to be covered by a single 
specification. 

For a cheap delay in which group delay distor- 
tion is not an important factor, unbacked trans- 
ducers may be used giving a peak-to-peak delay 
variation over the passband of up to 70 ns due to 
the transducers alone. By using backed trans- 
ducers this can be reduced to less than 10 ns. 

Similarly, an inexpensive delay-line using 6 mm 
thick material would have delay-dependent dispersion 
amounting to about 60 ns/ms whilst the use of 
12 mm material would reduce delay-dependent dis- 
persion to about 15 ns/ms. (These figures apply 
to operating frequencies of the order of 30 MHz). 

Given that individual group delay correction 
for each delay-line will be provided, a typical 
tolerance for a range of high-quality delays for 
colour television use would be 10 ns + 15 ns/ms of 
delay. The delay-dependent component can be 
ignored for delays of less than about 200 (is. 

4.2. Specification of Operating Conditions 

The parameters dealt with in sub-section 4.1 
define the performance required of a line. The items 
dealt with in this sub-section define the operating 



conditions of the delay-line, and as suggested 
earlier, could well be decided by discussion between 
user and manufacturer. 

The important operating conditions which must 
be agreed by both parties are the operating temp- 
erature, the stability of operating temperature 
necessary to achieve the desired performance and 
the carrier frequency or centre-frequency of the 
pass-band. It will also be useful to establish limits 
for the maximum and minimum transducer capacitance 
and the maximum voltage level that can be applied 
to a transducer. 

The test conditions for measurements on the 
delay-lines could also be agreed at this stage as 
test conditions should be as close as possible to 
the operating conditions. 

4.2.1. Operating Temperature 

Delay-lines having delays in excess of a 
few tens of microseconds are usually operated in a 
temperature controlled oven. There are two reasons 
for this; the delay is a function of temperature 
(about 75 parts per million per °C) and the amount 
of energy lost in the quartz is less at higher temp- 
eratures. 

Lines having delays greater than 1 ms are 
usually operated at the highest temperature that is 
consistent with the safety and reliability of the 
line in order to reduce the insertion loss as much as 
possible. The maximum safe operating temperature 
depends upon the materials used for bonding, back- 
ing and damping and any circuit components that 
niay be needed inside the oven. SO'C is a realistic 
maximum temperature for typical lines and this 
allows a margin for protection against failure of 
the temperature control system. On the other hand 
oven temperatures much less than 40^ are of little 
practical value as the improvement in insertion 
loss is small and the possibility of an ambient 
temperature in excess of this figure is high. 

The tolerance on operating temperature can be 
evaluated from the delay stability needed in opera- 
tion and the temperature coefficient of delay that 
will result from the construction proposed by the 
manufacturer. Ovens with a temperature stability 
of 0.1°C are straight forward in design and con- 
struction and this stability can be improved to 
0.01 '^J without great cost or complication. Tighter 
tolerances on operating temperature would lead to 
difficulties of oven design. 

4.2.2. Carrier Frequency or Pass-band Centre 
Frequency 

The bandwidth passed by the transducers of 
a line is proportional to centre frequency (Fig. 5). 



Therefore the frequencies used to convey informa- 
tion through the line must be high enough to permit 
the required bandwidth. However, the energy loss 
in the quartz will increase as the frequency is 
raised (Fig. 3) and it may be necessary to com- 
promise between bandwidth and signal-to-noise 
ratio. 

Short lines with delays of a few microseconds 
can be designed to operate at 100 MHz or more as 
losses in quartz will be low, but lines with delays 
of milliseconds are limited to frequencies below 
40 MHz in order to l<eep the total insertion loss to 
an acceptable figure. 

The best delays at present available have 
fractional bandwidths of about 0-4 fo. Thus in 
order to accommodate a double- si deb and amplitude- 
modulated system, capable of the full 5-5 MHz 
video bandwidth of the 625-line U.K. Standard 1, 
the band-centre or carrier frequency must be at 
least 27-5 MHz (5-5 x 2 = 11 MHz; fc = 11/0-4 MHz 
= 27.5 MHz). 

One of the few degrees of freedom left to a 
delay-line designer who is trying to satisfy a strin- 
gent specification for bandwidth, spurious signals, 
and insertion loss is the choice of centre frequency. 
At the same time the chosen centre frequency will 
affect the circuit techniques which the user must 
employ and the chosen centre frequency should 
therefore satisfy both parties. 

4.2.3. Transducer Impedance and Line Termina- 
tions 

The transducer impedance is mainly capaci- 
tive, ranging from about 30 to 300 pF, and the value 
of this capacitance depends on the thickness and 
area of the transducer. As the area of the trans- 
ducer controls the width of the beam of ultrasonic 
waves launched into the quartz, the choice of trans- 
ducer capacity should, whenever possible, be left 
to the manufacturer of the line. 

By using suitable techniques to couple the 
external circuits to the transducer, a very large 
range of capacitance can be accommodated, and in 
practice it is sufficient for the user to specify the 
maximum capacity that can be accommodated. 

For the mutual convenience of user and manu- 
facturer standard terminations for testing purposes 
should be agreed. A convenient way of specifying 
test terminations is a statement that the capac- 
itance of each transducer should be resonated at 
band centre frequency with a parallel inductor and 
the 'Q' of each circuit reduced to a low value, by 
a parallel resistor. The Q of the resonant circuits 
should be less than the band centre frequency 
divided by the pass-band of the line in order that 
measured bandwidth of the line shall not be unduly 
restricted by the electrical circuits. For a line 
with a fractional bandwidth of 0-4 the Q of the 



electrical circuits should be less than 1/0-4, say 
1.5. 

If all the lines required by the user will have 
similar transducer capacities it is convenient to 
specify the same value of damping resistor for test- 
ing all lines. However, when the transducer capac- 
ities differ by two to one or more it is preferable to 
specify that the resonant terminating circuits shall 
be adjusted to a particular value of Q; the damping 
resistor value for each line could be specified as 
RqCc/Cj where Rq and Co are a reference resis- 
tance and capacity, say 75 pF and 75 ft, and Cj is 
the actual transducer capacity. 

5. CONCLUSIONS 

Ultrasonic delay-lines have found increasing 
applications in television, and the performance of 
such lines must meet an exacting specification 
which may require the ultimate in present day delay- 
line technology. It follows that the user of ultra- 
sonic delay-lines must be familiar with the princi- 
ples of operation, thus enabling a realistic speci- 
fication to be written with the knowledge that the 
delay-line manufacturer will find it possible to 
meet the specification on all points. The degree 
of understanding of the operating principles of 
ultrasonic delay-lines as presented in this report 
has been found adequate when discussions on 
specifications and performance have been neces- 
sary between user and manufacturer. 
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APPENDIX 1 
BBC Short-Form Specification for Field-Store Delay-Lines 



Item 



Delays 



Tolerances on delays 

Temperature coefficient of delays 
Operating temperatures 

Pass-band 



Rate of change of response 
with frequency 

Ripples in response/frequency 
characteristic 

Common carrier frequency 

Variation in group delay over 
pass-band 

Level of secondaries 



Insertion loss 

Temperature coefficient of 
insertion loss 

Transducer impedance 

Input transducer rating 



Brief Specification 

Approx. 64 fiS, 66 /xs, 132 ;xs, 198 ^s, 397 fiS, 755 fis, 1658 /us, 
3316 fis. 

± 100 ns for delays less than 150 fis, ± 200 ns for the delay of 
198 /iS, ± 400 ns for delays greater than 200 fis. 

Not to exceed 100 parts per million per °C. 

40°C. for delays up to 700 ^s. 
75°C. for delays greater than 700 fis. 

30 MHz ± 6 MHz (preferably), but in no circumstances less than 
30 MHz ± 5 MHz. 

The maximum difference in response between any two frequencies 
in the passband, separated by 2 MHz shall not exceed 1-5 dB. 

Ripples withperiods shorterthan 1 MHz should not exceed ± 0.2dB 
from mean value. 

32 MHz or 28 MHz (choice according to line performance). 

10 ns + 15 ns/ms delay. 



For delays greater than 1 ms : less than -43 dB relative to wanted 

output. 

For delays less than 1 ms : less than -46 dB relative to wanted 

output. 

Preferably less than 50 dB but not greater than 60 dB. 

Less than 0-2 dB per °C. 

No restriction imposed. 
4 30 V r.m.s. carrier. 
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